The Chinese folk medicine Dianbaizhu, consisting of Gaultheria species, is widely used for the treatment of rheumatoid arthritis by several minority nationalities. The species and plant parts of this genus used as Dianbaizhu in clinical application are confused. In order to elucidate the species and the medicinal parts, as well as to ascertain the effective components and the probable optimal source of Dianbaizhu, the different plant parts and polarity fractions of its mainstream species, G. leucocarpa var. yunnanensis were investigated. The inhibition of nitric oxide and tumor necrosis factor produced in macrophage J774 were used to assess the anti-inflammatory effect of those samples. G. leucocarpa var. yunnanensis may be the preferred species for anti-RA effect. The underground parts of this taxon showed the best anti-inflammatory and anti-RA activities; the n-butanol and water fractions of the underground parts may be the most anti-RA active.
The Chinese folk medicine Dianbaizhu, comprised of Gaultheria species, is widely used for the treatment of rheumatoid arthritis (RA) in Yunnan and Guizhou provinces of China. In general, Dianbaizhu is composed of various plant parts of different Gaultheria species, but there is widespread confusion about the medicinal properties of Dianbaizhu [1, 2] . Several terpenoids, flavonoids, lignans and coumarins were found in G. leucocarpa var. yunnanensis. It is a controversial topic that the lignans and/or methyl salicylate glycosides are the active anti-RA compounds [1, 3] . Anti-inflammatory activity of Dianbaizhu has been reported, mainly focused on G. leucocarpa var. yunnanensis. The effective fractions were not fully elucidated, and the work mainly concentrated on the ethyl acetate and n-butanol fractions [4] . On the whole, the species and effective medicinal parts of Dianbaizhu need further assessment [1a,4,5] .
RA is a chronic inflammatory disease. Many cytokines are upregulated in the RA synovium and are responsible for joint lesions [6] . Dianbaizhu was proved to have good clinical therapeutic effect in the treatment of RA, and it is possible that it may be developed into a new and effective anti-RA drug [7-10].
As mentioned above, chemical constituents and anti-inflammatory activities of Dianbaizhu have been reported [2b, [10] [11] [12] [13] [14] , but the species and plant parts of Dianbaizhu used in clinical application have no scientific basis. To illuminate its role in folkloric use and to determine the optimal material for clinical use, the current study was performed to investigate the anti-inflammatory effect of the mainstream species, G. leucocarpa var. yunnanensis and another six Gaultheria species collected in Yunan. They were assessed using lipopolysaccharide (LPS)-stimulated J774 macrophages and NO production quantification by the Griess reagent. The different parts of the screened species having better activities were discriminated. A further aim was to find the most effective fractions of the plant that possess a similar effect to TNF-α inhibitor. The activities of the different extractions of the best medicinal part were also compared. The results obtained should provide more comprehensive data for the development of a new anti-RA drug. The results are illustrated in the following three aspects: species, medicinal parts and extractive fractions of Dianbaizhu.
The NO measurement of different species of Dianbaizhu:
During inflammation, at the ultimate phase of a series of signaling events, macrophages induce the expression of pro-inflammatory genes such as inducible nitric oxide synthase. This enzyme is up-regulated by secretion of pro-inflammatory cytokines, and produces NO from Larginine. The regulation of NO production is, therefore, an important target for inflammatory disease [15] . The cytotoxic effect was evaluated on macrophages using MTT to ensure that the antiinflammatory activity was not due to the cytotoxicity of the plant extract. So we investigated in vitro the activity of the different sources, medical parts and polarity fractions of the test samples on NO production by LPS-stimulated J744 macrophages.
At a concentration of 25 μg/mL, the underground parts of G. hookeri, G. griffithiana and G. leucocarpa var. hirsuta had little inhibition effect on the synthesis of NO by J744 macrophages stimulated by LPS. Also, the underground parts of G. leucocarpa var. yunnanensis had only a small inhibitory effect, with an inhibition rate of 13.5%. The inhibition rates of G. fragrantissima, G. semi-infera and G. leucocarpa var. pingbienensis were relatively high being 21.9%, 19.3% and 24.6%, respectively ( Figure 1 ). Also, at 50 μg/mL, G. griffithiana and G. leucocarpa var. hirsuta showed little inhibition effect on the synthesis of NO of J744 macrophages stimulated by LPS. The underground part of G. leucocarpa var. yunnanensis had a slight inhibition effect, with an inhibition rate of 22.9%. As with the 25 μg/mL concentration, the 50 μg/mL concentration produced relatively high inhibition rates for G. fragrantissima, G. semi-infera and G. leucocarpa var. pingbienensis (40.7%, 42.1% and 39.7%, respectively) ( Figure 1 ). The results first demonstrated that G. fragrantissima, G. semi-infera and G. leucocarpa var. pingbienensis may possess significant anti-inflammatory activity. The effect of G. fragrantissima (IC 50 = 8.9 μg/mL) and G. semi-infera (IC 50 = 16.2 μg/mL) probably relate to their cytotoxicity to the macrophages. G. leucocarpa var. yunnanensis and G. leucocarpa var. pingbienensis, with better anti-inflammatory effects and less cytotoxicity, merit attention.
Different medicinal-parts of G. leucocarpa var. yunnanensis:
As the mainsteam species of Dianbaizhu in Yunnan, G. leucocarpa var. yunnanensis performed well in the above study. The species is widely distributed in the Yangtze River basin and in its southern regions [16] . It is also recorded as Dianbaizhu in the Yunnan provincial Chinese Medicine standard [17] . Based on the above, the different medicinal-parts of G. leucocarpa var. yunnanensis were investigated.
NO measurement: The aerial part of G. leucocarpa var. yunnanensis had little inhibition effect on the synthesis of NO of J744 macrophages stimulated by LPS at all concentrations (25 μg/mL, 50 μg/mL and 100 μg/mL). The whole plant showed no inhibitory effect at low concentrations, and its inhibition rate was 25.9% at 100 μg/mL. However, the underground part is worthy of attention due to its outstanding inhibition effect at all concentrations (25 μg/mL, 50 μg/mL and 100 μg/mL), the inhibition rates being 13.5%, 22.9% and 26.3% (Figure 2 ). Cytokine TNF-α measurement: TNF-α is one of the most important cytokines in the pathogenesis of RA. In arthritis, pain and tissue destruction are associated with elevated synovial levels of TNF-α. As the regulation of TNF-α would be a valid therapeutic approach for RA, we measured the synthesis of TNF-α to screen for the anti-RA active part of G. leucocarpa var. yunnanensis.
All the different parts of G. leucocarpa var. yunnanensis, at each concentration, had an inhibition effect on the synthesis of TNF-α stimulated by LPS (Figure 3) . At 25 μg/mL, the whole plant had the greatest inhibition effect (35.9%); the inhibition rates of the aerial part and underground part were 9.0% and 19.1%, respectively. At the concentration of 50 μg/mL, the underground part had the greatest inhibition effect, with an inhibition rate of 49.2%. The aerial part and whole plant gave values of 36.5% and 34.6%, respectively. At the concentration of 100 μg/mL, the whole plant, aerial part and underground part all produced relatively strong inhibition effects, with inhibition rates of 42.2%, 53.2% and 49.5%, respectively.
Different polarity fractions of the G. leucocarpa var. yunnanensis underground part:
From the above results, the underground part of G. leucocarpa var. yunnanensis was chosen to produce different polarity fractions for screening their activities. NO measurement: Of all the polarity fractions of the underground part of G. leucocarpa var. yunnanensis, only the n-butanol (100 μg/mL) and water fractions (50 μg/mL and 100 μg/mL) had an inhibitory effect on the synthesis of NO of J744 macrophages stimulated by LPS. Their inhibition rates were 25.1%, 39.0% and 50.9%, respectively (Figure 4 ). All the seven species of Dianbaizhu possessed various degrees of inhibition of NO production, depending upon the plant part and the dosage of the extracts used.
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Cytokine TNF-α measurement: Among the different extractive fractions of the underground part of G. leucocarpa var. yunnanensis, the light petroleum and chloroform fractions had inhibition effects on the synthesis of TNF-α in J744 macrophages stimulated by LPS at all concentrations (25 μg/mL, 50 μg/mL and 100 μg/mL). The ethyl acetate fraction only had an inhibition effect at 100 μg/mL (inhibition rate 35.9%). The n-butanol and water fractions both had inhibition effects at all concentrations (25 μg/mL, 50 μg/mL and 100 μg/mL), the last (49.1%, 45.7% and 71.3% respectively) being stronger than the first ( Figure 5 ). The n-butanol and water fractions displayed stronger inhibition than the others on the production of NO and TNF-α of J774 macrophages stimulated by LPS. From the results of the cell viability assay, the fractions with the lower polarity were cytotoxic to the macrophages. The IC 50 values of the light petroleum, chloroform and ethyl acetate fractions were 27.9, 122.9 and 128.4 μg/mL, respectively, but the water and n-butanol fractions were inactive. This may explain the decreased viability of cells observed at increasing concentrations of methanol extracts of Dianbaizhu samples. It is indicated that there were some toxic lipid-soluble components [18a] . They were concentrated in the fractionated samples and displayed a significant inhibitory effect on LPS-treated J774 cells. The underground-part samples of all seven species showed cytotoxicity, with the exception of the most polar fraction. As a result, we could speculate that compounds with low polarity produced the toxicity instead of the active part.
As G. leucocarpa var. yunnanensis showed significant capacity for inhibiting TNF-α, it has promise to be developed as a natural TNF-α inhibitor. To sum up, the NO and TNF-α results consistently show that the underground parts of G. leucocarpa var. yunnanensis are the most anti-inflammatory, and that the anti-RA active part and the active compounds are in the polar fractions.
These results are consistent with the previous work on Dianbaizhu by our group. Flavonoids, lignans, methyl salicylate glycoside and other salicylic acid derivatives are present in G. leucocarpa var. yunnanensis [13] . Phenolic acids, flavonoids, terpenoids, lignans, methyl salicylate glycosides and other salicylic acid derivatives were also found in G. trichoclada [14] . The salicylic acid derivatives (including methyl salicylate glycosides and methyl salicylate) are widely believed to have a marked anti-inflammatory effect. Particularly, salicylic acid derivatives are polar compounds, recognized as good NSAIDs with few side effects [18b,c]. Furthermore, through simultaneous determination of the bioactive constituents, methyl salicylate glycosides and phenolic constituents, to control the quality of Dianbaizhu, G. leucocarpa var. yunnanensis is also deemed to be the best species [19] . This may further prove that G. leucocarpa var. yunnanensis is the best species and the polar fractions are the effective parts for the treatment of rheumatoid arthritis. Moreover, G. leucocarpa var. yunnanensis has strong antioxidant capacity [8] ; the antioxidant and antiinflammatory capacities were reported to have an obvious correlation [8, 9] .
Conclusion:
In this study, the plants used as Dianbaizhu, G. leucocarpa var. yunnanensis and six other species of Gaultheria were investigated. The activities of different parts and different fractions of G. leucocarpa var. yunnanensis were also compared. Taken together, G. leucocarpa var. yunnanensis and G. leucocarpa var. pingbienensis showed better anti-inflammatory activity than the other species. The underground part of G. leucocarpa var. yunnanensis was exhibited to be the best for anti-RA activity. The anti-RA activity of the high polarity fractions (n-butanol and water) of G. leucocarpa var. yunnanensis underground parts was superior to that of the other fractions.
Experimental

Collection and identification of plant material:
Dianbaizhu samples were collected in Yunnan province of China, and authenticated by Dr Sheng-li Wei, School of Beijing University of Chinese Medicine (shown in Table 1 ). Voucher specimens are preserved at the School of Pharmacy, Beijing University of Chinese Medicine. 
